Studies of the epididymides of immature and 7-day-castrated adult rats indicated that these phosphorylated secretory proteins were controlled by androgens.
mixture was 7-4. The incubation of the tissue slices with the radioisotope was carried out in a shaking water bath at 33°C for 3 h. At the end of the incubation, 300 pi ice-cold HBSS were added to the incubation mixture. Then the tissue slices were collected by centrifugation at 35 g at room temperature for 5 min. The supernatant fluid was further centrifuged at 800 £ at room temperature for 10 min to remove the spermatozoa (present in preparations from adult rats only).
The clear supernatant fluid containing 100 pg proteins was subjected to 2-dimensional gel electrophoresis. The first dimension was performed under non-denaturing conditions in a 7-5% polyacrylamide gel (Cameo & Blaquier, 1976) . The appropriate strip from the first dimension was cut and incubated for 30 min at room temperature in the denaturing buffer which was 65 mM-Tris-HC1, pH 6-8, glycerol and 1% sodium dodecyl sulphate (SDS), 4% glycerol and 1% ß-mercaptoethanol. The gel strip was then positioned on top of an SDS 7-15% acrylamide gel (15-cm width 10-cm length 0-1-cm thickness). One side well contained proteins of known molecular weights and the other contained the supernatant fluid from the incubation. Both were treated with the denaturing buffer before loading. The second dimension electrophoresis was performed as described by Laemmli (1970) . After the electrophoresis, the proteins were made visible by staining with 0-2% (w/v) Coomassie brillant blue. The gel slab was then dried between two cellophane sheets using a Bio-Rad gel drier (Model 224). Autoradiography was performed by placing the dried gel between two sheets of Kodak X-O-mat X-ray film held within two glass slabs or two intensifying screens (Okamato, JL 8 10). The films were left exposed to the radioactivity for various lengths of time before developing.
To determine the nature of the phosphoryl linkages to proteins, the methanol-fixed gel was treated with 1 M-NaOH or 1 M-HC1 for 1 h at room temperature before dye staining and subsequent autoradiography.
To show the secretion of the radioactive proteins from the epididymal tissue slices by pulsechase experiment, the 32Pi incubation of the tissue slices was carried out for only 2 h (pulse period). After adding the ice-cold HBSS and pelleting the tissue slices by centrifugation, the collected tissue slices were resuspended in HBSS and washed twice by centrifuging through a layer of 3% Ficoll as described by Mongkolsirikieat & Chulavatnatol (1983 (Mongkolsirikieat & Chulavatnatol, 1983) . Using 2-dimensional gel electrophoresis and autoradiography, the cytosolic fraction yielded a very complex pattern consisting of numerous radioactive proteins while the medium showed a simple pattern of fewer radioactive proteins. Therefore the medium, which consisted of secretory proteins, was considered more suitable for further analysis.
Intact adult rats
When the clear supernatant fluid from the 32Pi incubation medium of the cauda epididymidis of intact adult rats was analysed by 2-dimensional gel electrophoresis, there were several protein spots (PI. 1, Fig. 1 ), including one most intensive albumin spot (A) and 5 pre-albumin spots (B-E) as observed by others (Brooks, 1981b; Brown et al, 1983 ). The autoradiograph of this gel showed 6 PLATE 1 Two-dimensional gel electrophoresis of 100 pg secretory proteins from the 32 Pi-incubated tissue slices of the cauda epididymidis of intact adult rats. The molecular weight markers were cross-linked haemoglobin, tetramer (64 000), trimer (48 000), dimer (32 000) and monomer (16 000). Fig. 1 
Castrated rats
Initial experiments showed that tissue slices from adult rats, 7 days after castration, incorporated 10-15 times more 32P into cytosolic proteins than did those from intact rats. However, the former secreted less radioactive proteins into the medium than the latter, and more epididymides from the castrated rats were needed to provide sufficient secretory proteins for further analysis.
As described previously (Cameo & Blaquier, 1976) , androgen withdrawal markedly reduced the prealbumin spots in the protein pattern of the fluid from the cauda epididymidis of adult rats 7 days after castration (PI. 2, Fig. 4 ). An autoradiograph of the protein pattern made under the same conditions as PI. 1, Fig. 2 gave no visible radioactive spot. However, when the autoradiography was performed using intensifying screens to improve the sensitivity of the detection, spot 3 was clearly visible, spot 4 was faint and a new spot (7) was also faint (PI. 2, Fig. 5 ). The intensifying screens normally gave a 5-fold improvement in detecting 32P by autoradiography (S. Panyim, personal communication). By superimposing the autoradiograph onto the gel (PL 2, Fig. 6 ), radioactive spot 4 coincided with part of protein spot A, suggesting that the faint spot should be the same spot 4 observed in PL 1, Fig. 1 for intact rats. The molecular weight of radioactive spot 7 was 83 000 while those of spots 3 and 4 were 76 000 and 68 000 as in intact rats.
Immature rats
For immature rats, the results were similar to those for castrated adult rats. The protein pattern clearly lacked the prealbumin spots B-E (PL 2, Fig. 7) , and no spots were visible after autoradio¬ graphy unless intensifying screens were used. With the intensifying screens, radioactive spots 3 and 7 were well detected, together with a new faint spot 8 (Mr = 52 000) (PL 2, Fig. 8 ). They did not superimpose on any visible protein spots (PL 2, Fig. 9) .
The findings for caput epididymal fluid from immature rats or castrated rats (data not shown) were identical with those described for the corresponding caudal region.
The data presented (PL 1 & 2, Figs 1-9) were representative of 5 incubations of the tissues from intact adult rats, 3 from castrated and 3 from immature rats.
Discussion
The present study clearly shows that at least 6 proteins (or glycoproteins) secreted from the epididymal tubules of rats are phosphorylated. That the phosphorylated proteins are derived from the tissue slices and not from the spermatozoa present in the 32Pi incubation mixture is supported by the following observations. Firstly, in the pulse-chase experiment, the 32Pi incubated tissue slices which had been washed free of spermatozoa progressively secreted phosphorylated proteins during the chase period (Text- fig. 1 ). Secondly, epididymal spermatozoa are known to form the major phosphorylated proteins that are strongly associated with some intracellular structure (Chulavatnatol, Panyim & Wititsuwannakul, 1982) , and they are therefore unlikely to leak out into the medium.
The following circumstantial evidence supports our contention that the phosphorylated proteins in the incubation medium are the result of selective secretion and not of the general leakiness of the tissue slices. Firstly, the pattern of the cytosolic phosphorylated proteins is different from and more complex than that of the medium. Secondly, the tissue slices of the epididymides of the castrated or immature rats incorporated more radioactivity into the cytosolic proteins than did those of intact adult rats but secreted much less radioactive proteins into the medium. However, to show without doubt that the phosphorylated proteins are being secreted it would be necessary to use isolated intact cells or a specific inhibitor of protein phosphorylation and secretion.
The absence of phosphorylated proteins 1, 2 and 4-6 and the presence of phosphorylated protein 3 at a much reduced level in androgen-deficient rats suggests that androgen controls the existence of these proteins in the epididymal secretion. Androgen withdrawal is known to prevent the synthesis of epididymal secretory proteins (Brooks, 1981b) and to decrease the activity and to change the isoenzymes of protein kinase (Mongkolsirikieat & Chulavatnatol, 1983) . Both processes may contribute to the observed decrease in the phosphorylated secretory proteins from the androgen-deficient rats. Since it requires a higher sensitivity (using intensifying screens) to detect the radioactive proteins 7 (PL 2, Fig. 5 ; castrated rats) and 7 and 8 (PL 2, Fig. 8 ; immature rats), it is uncertain whether they are secreted exclusively by the androgen-deficient rats or they are also present (as faints spots in PL 1, Fig. 2 ) in the fluid of the intact adult rats. Furthermore, their role cannot yet be established.
Other properties of the 6 androgen-dependent phosphorylated secretory proteins are unknown. By superimposition (PL 1,  Fig. 3 ), phosphorylated protein 4 is probably albumin (A), but the identities of others cannot be determined. Phosphorylated secretory proteins reported previously include casein (Bingham, Farrell & Basch, 1972) , tooth dentin (Weinstock & Leblond, 1973) , ovalbumin (Henderson, Moir, Fothergill & Fothergill, 1981) , myosin light chain (Wallace & Bensusan, 1980) , ACTH-related peptides (Eipper & Mains, 1982; Mains & Eipper, 1983) , para¬ thyroid secretory protein (Bhargava, Russell & Sherwood, 1983 ) and vitellogenin (Wang & Williams, 1982) . Although the importance of the phosphorylated forms of these secretory proteins remains to be discovered, the phosphorylation appears to occur in the Golgi apparatus (Bingham et al, 1972) before secretion (Wang & Williams, 1982) and is a post-translational modification of some secretory proteins from several systems. It is tempting to propose that a similar mechanism also operates in the epididymis.
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